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Description 

Field of the Invention 

[0001] A flow directed catheter for use in medical di- 
agnostic or therapeutic procedures having a strain relief 
segment between the relatively stiff proximal section of 
the catheter and the floppy distal tip portion in which the 
strain relief segment is formed of a polymeric material 
containing a radiopaque agent. 

Background Art 

[0002] In order to diagnose the extent of coronary ar- 
tery disease angiography procedures are used to view 
the blood flow through selected blood vessels. In carry- 
ing out this procedure diagnostic catheters are intro- 
duced into the blood vessels of a patient and are ad- 
vanced over a guidewire through the vascular system 
of the patient until the distal end of the catheter is 
steered into the particular blood vessel to be examined. 
[0003] In view of the fact that the human vasculature 
is quite tortuous it is essential that a diagnostic catheter 
be capable of being steered by torquing the proximal 
hub of the catheter in order to direct the catheter through 
the vascular system. With extremely small vessels it is 
often not possible to provide a catheter with sufficient 
flexibility for passage through the tortuous vasculature 
while still providing sufficient rigidity to steer, or torque, 
the distal end of the catheter to a desired site. Accord- 
ingly, in certain instances it is desirable to provide a cath- 
eter in which the proximal end of the catheter is relatively 
stiff and the distal end of the catheter is very flexible, or 
floppy, in order that the distal tip of the catheter may be 
steered, or directed, through the vasculature by means 
of the flow of blood through the vessel. Such catheters 
are generally referred to as flow directed catheters. 
[0004] Such flow directed catheters generally com- 
prise a connector hub, a relatively long and stiff proximal 
section for pushing the catheter into the vasculature sys- 
tem, and a shorter and very floppy distal tip section. The 
floppy distal tip section is of a very low durometer in or- 
der that the tip section may be guided, or directed, by 
the flow of blood through the blood vessel. 
[0005] Medical catheters have for many years includ- 
ed a relatively short distal tip which is formed of a poly- 
meric material containing a radiopaque agent in order 
that the distal tip of the catheter may be readily viewed 
under X-ray radiation as the catheter is passed through 
the blood vessels of a human body. With a radiopaque 
distal tip it is possible for the physician to observe the 
exact location of the distal tip portion of the catheter rel- 
ative to its position within the human body. 
[0006] Examples of prior art patents which disclose 
medical catheters having distal tips containing a radio- 
paque agent are United States Patent No. 5,045,072 en- 
titled "Catheter Having Highly Radiopaque, Flexible Hp" 
to Castillo et al. and United States Patent No. 5,171 ,232 



to entitled "Catheter Having Highly Radiopaque, Flexi- 
ble Tip" Castillo et al., both of which are assigned to the 
assignee of the present application and are incorporat- 
ed herein by reference 

5 [0007] One problem with currently available flow di- 
rected catheters is that with these devices the physician 
is unable to determine the exact position of the transition 
area between the relatively stiff proximal portion of the 
catheter and the floppy distal portion of the catheter. 

10 With the inability to determine the location of this tran- 
sition area it is very difficult to determine which portion 
of the catheter may be steered by torquing on the hub 
of the catheter and which portion of the catheter may 
not be so steered but may simply be permitted to be di- 

1$ rected by the flow of blood through the blood vessel. In 
addition, it is difficult for the doctor to prevent kinking of 
the relatively soft floppy portion of the catheter as this 
portion of the catheter passes through the blood vessel 
if the doctor is unable to discern whether a particular 

20 portion of the catheter is formed of a relatively stiff ma- 
terial or a very floppy material. 

Summary of the Invention 

25 [0008] The present invention relates to a flow directed 
catheter intended for the insertion into the bloodvessels 
of a patient which may be guided through the vascula- 
ture of the patient by a force exerted on the floppy distal 
portion of the catheter by the flow of blood through the 

30 vasculature. The catheter includes a strain relief section 
which is positioned between a relatively rigid proximal 
portion of the catheter and a floppy distal portion of the 
catheter and in which the strain relief section is formed 
of a polymeric material containing a radiopaque agent 

35 with this device, the physician may readily determine the 
exact position of the strain relief portion of the catheter 
or the position of the transition region between the rel- 
atively stiff portion of the catheter and the very floppy 
distal portion of the catheter. 

40 [0009] Flow directed catheters constructed in accord- 
ance with the present invention include a proximal con- 
nector hub, a relatively stiff proximal tubular section 
bonded to the hub, a highly flexible distal tubular section, 
and a relatively short tubular strain relief section inter- 
ns posed between the proximal tubular section and the dis- 
tal top section. The tubular strain relief section is more 
flexible than the proximate tubular section and less flex- 
ible than the distal tubular section and is formed of a 
polymeric material containing a radiopaque agent. With 

so this device, a physician is able to precisely locate the 
position of the strain relief section of the catheter. The 
highly flexible tubular section is very floppy in nature and 
its position is controlled by the flow of blood through the 
blood vessel to thereby permit the physician to precisely 

55 position the distal tip of the catheter at a desired site. 
[0010] In accordance with another aspect of the 
present invention, the tubular strain relief section is 
formed of a polymeric material containing from about 40 
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to 75 weight percent of radiopaque agent, such as bar- 
ium sulfate, bismuth subcarbonate or bismuth trioxide. 
[0011] In accordance with still another aspect of the 
present invention, the tubular strain relief section is ther- 
mally fused to the distal end of the proximal tubular sec- 5 
tion and the distal tubular section is thermally fused to 
the distal end of the strain relief section. In addition, the 
tubular strain relief section is preferably free of any me- 
tallic radiopaque member, such as a metal ring, which 
is positioned on or adjacent to the strain relief section. 
[0012] In accordance with another aspect of the 
present invention, the highly flexible distal section, or 
floppy distal tip, is more than twenty times the length of 
the strain of the relief section and the relatively stiff prox- 
imal section of the catheter is more than ten times the 
length of the floppy distal section. In addition, the prox- 
imal tubular section preferably has a d urometer of be- 
tween 60D and 90D. the strain relief section has a du- 
rometer of between 25D and 50D and the distal tubular 
section has a durometer between 50A and 90A. 
[0013] In accordance with still another aspect of the 
present invention, the distal floppy section has a length 
of between 10 and 50 centimeters and may be com- 
prised of an inner distal section and an outer distal sec- 
tion in which the inner distal section is more flexible than 
the strain relief section of the catheter and the outer dis- 
tal section is more flexible than the inner distal section. 
[001 4] From the above it may be appreciated that one 
object of the invention is a flow directed catheter with a 
floppy distal tip which may be directed through the vas- 
culature by the flow of blood and in which a radiopaque 
strain relief section is positioned between the floppy dis- 
tal tip and a relatively stiff proximal section to thereby 
provide the physician with an exact location of the tran- 
sition area between the relatively stiff proximal section 
and the floppy distal tip of the catheter. This and other 
objects, advantages and features of the invention will 
become better understood from a detailed description 
of the invention which is described in conjunction with 
the accompanying drawings: 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] 

Figure 1 is a partially crossed-sectional view of the 
flow directed catheter of the present invention which 
illustrates the various section of the catheter; 
Figure 2 is a partially crossed-sectional view of a 
flushable stilt for use with the flow directed catheter 
of Figure 1 ; 

Figure 3 is an elevational view of the flow directed 
catheter of Figure 1 in conjunction with the flushable 
stylet of Figure 2; and, 

Figure 4 is diagrammatic view showing the flow di- 
rected catheter of the present invention inserted in 
the tortuous vasculature of a human body. 



DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0016] Figure 1 illustrates the assembled flow direct- 
ed catheter 50 having a main tubular body 52 with a 
proximal end 54 and a distal end 56 and an inner lumen 
58 extending there through. The main tubular body 52 
is constructed from four segments; a relatively stiff prox- 
imal shaft segment 60, a radiopaque strain relief seg- 
ment 70, a proximal floppy segment 80 and a soft distal 
floppy segment 90. 

[0017] The relatively stiff proximal shaft segment 60 
of main tubular body 52 is preferably made from a high 
durometer polymeric material or a polymer coated me- 
tallic hypotube. Suitable polymers for the proximal shaft 
segment 60 include biologically compatible polymers 
such as nylon, polyethylene, polyester, polyurethane, 
silicone and the like. The durometer of the proximal shaft 
segment 60 is between 60D and 90D and is preferably 
75D. The proximal shaft segment 60 provides proximal 
support for flow directed catheter 50, enabling pushabil- 
ity without the need of a guidewire. The proximal shaft 
segment 60 comprises a proximal end 54 to which a hub 
coupling 100 is attached and a slight distal taper 62 to 
which the radiopaque strain relief segment 70 is at- 
tached. The length of proximal shaft segment 60 is be- 
tween 100 cm and 145 cm preferably between 125 cm 
and 1 30 cm. The preferable inner diameter and outer 
diameter of proximal shaft segment 60 are about 0.55 
mm and 0.94 mm respectively. The length of the slight 
distal taper 62 is between 0. 1 mm and 3 mm more pref- 
erably between 1 .5 mm and 2.5 mm. 
[0018] The proximal shaft segment 60 is attached to 
the radiopaque strain relief segment 70 at the slight dis- 
tal taper 62 by a thermal fuse joint 65. The thermal fuse 
joint 65 is created by placing the slight distal taper 62 of 
proximal shaft segment 60, while on a mandrel, inside 
of the radiopaque strain relief segment 70 and heating 
the assembly. Depending upon the materials used for 
the proximal shaft segment 60 and the radiopague strain 
relief segment 70 the fusing temperature ranges from 
300°F to 550°F Preferably the fuse temperature is be- 
tween 350° F and 450° F. 

[0019] The radiopaque strain relief segment 70 pro- 
vides the physician with a visible marker under fluoros- 
copy indicating the location of the relatively stiff proximal 
shaft segment 60 in relation to the guiding catheter tip. 
The radiopaque strain relief segment 70 also prevents 
kinking that occurs when a rigid tube is connected to a 
very flexible tube. The radiopaque strain relief segment 
70 is more flexible than the proximal shaft segment 60 
and made from a polymer tube that has been made ra- 
diopaque by incorporating radiopaque fillers during the 
forming process. The strain relief segment 60 is of a du- 
rometer of between about 25 D and 50D and is prefera- 
bly about 40D. Suitable fillers include powders made 
from metals such as tungsten and tantalum as well as 
compounds containing barium and bismuth such as bar- 
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ium sulfate, bismuth subcarbonate and bismuth trioxide. 
Preferably the strain relief segment 60 is formed of a 
polymeric material containing between 40 and 75 weight 
percent of the radiopaque agent. Since the incorpora- 
tion of fillers generally increase the stiffness of a polymer 
the length of the radiopaque strain relief segment 70 
must be fairly small, between 0.4 cm and 0.6 cm pref- 
erably about 0.5cm. 

[0020] The radiopaque strain relief segment 70 is at- 
tached to a proximal floppy segment 80 by a thermal 
fuse joint 75. The proximal floppy segment 80 is more 
flexible, i.e. lower durometer than the radiopaque strain 
relief segment 70 and proximal shaft segment 60. The 
inner diameter of the radiopaque strain relief segment 
70 and the proximal floppy segment 80 is between 0.25 
mm and 0.55 mm preferably about 0.42 mm, while the 
outer diameter is between 0.60 mm and 0.94 mm pref- 
erably about 0.79 mm. The length of the proximal floppy 
segment 80 is between 10 cm and 20 cm preferably 
about 15 cm. 

[0021 ] The proximal floppy segment 80 is attached to 
the distal floppy segment 90 by a thermal fuse joint 85. 
The distal floppy segment 90 is constructed from a low 
durometer polymer and is more flexible than the proxi- 
mal floppy segmentile the outer diameter is between 
0.25 mm and 0.76 mm preferably 0.61 mm. The length 
of the distal floppy segment is between 10 cm and 30 
cm preferably about 20 cm. To make the distal tip of flow 
directed catheter 50 visible under fluoroscopy a radio- 
paque marker 95 is attached to distal floppy segment 
90. To facilitate access to some vessels in tortuous anat- 
omy the distal tip of the distal floppy segment 90 may 
be preshaped. The proximal floppy segment 80 is of a 
duromter between about 50A and 90A and preferably 
between about 70A and 80A. The distal floppy segment 
90 is of a durometer of between about 50A and 90A and 
is preferably between about 65 A and 75A. 
[0022] To reduce damage while using, the flow direct- 
ed catheter 50 is coated with a lubricious polymer. This 
coating may be hydrophobic or hydrophilic in nature, 
preferably hydrophilic, and applied to the interior and ex- 
terior of flow directed catheter 50. Hydrophilic coatings 
are widely known in the industry and may be applied 
using a dip coating process and subsequently dried, 
covalently bonded and crosslinked using a single ther- 
mal drying cycle. Preferably this drying temperature 
would be below the softening point of the polymers be- 
ing coated about 50°C to 60°C. To facilitate the intro- 
duction of flow directed catheter 50 into the guiding cath- 
eter a stylet is inserted to provide support. 
[0023] Figure. 2 illustrates a flushable stylet 250 for 
use with flow directed catheter 50. The flushable stylet 
250 allows the hydrophilic coating on the interior of flow 
directed catheter 50 to be flushed and hyd rated without 
removing the stylet. This procedure prevents damage 
to the interior coating of the flow directed catheter 50. 
Flushable stylet 250 consists of a hollow tube body 252, 
with a proximal end 254 to which a luer hub 290 is at- 



tached and having a distal end 256. The proximal end 
254 of the tube body 252 is attached to luer hub 290 by 
using an adhesive or thermal fuse with the lumen of luer 
hub 290 remaining open. The tube body 252 may be 

s coated with a hydrophobic or hydrophilic lubricious pol- 
ymer, preferably hydrophobic. To facilitate introduction 
of the flushable stylet 250 into flow directed catheter 50, 
the tube body 252 may also be tapered. 
[0024] Figure 3 illustrates the catheter sytlet assem- 

10 bfy 300. The flushable stylet 250 is placed inside of flow 
directed catheter 50 coaxially. Luer hub 290, secures 
onto hub coupling 100. A syringe filled with saline at- 
taches to luer hub 290 and saline is infused through luer 
hub 290 and into flow directed catheter 50. 
[0025] Figure 4 illustrates the flow directed catheter 
50 inserted into the vasculature 400. Guiding catheter 
30 is located in the vascular terntory 400 proximal to the 
intended embolization site 480. In general the Intended 
embolization site 480 is a region of relatively high flow 

20 as associated with an arteriovenous malformation or fis- 
tula. Flow directed catheter 50 is extended from the 
guiding catheter 30 and traverses the vasculature 400 
towards the intended embolization site 480. Once the 
intended embolization site 480 is reached various types 

25 of therapeutic agents such as platinum coils, polyviny- 
lalcohol particles, ethanol or cyanoacryiate adhesives 
may be delivered to treat the lesion. For regions of low 
flow, flow directed catheter 50 may be used in conjunc- 
tion with a guidewire inserted in the lumen to access le- 

30 sions. 

Those skilled in the art will appreciate that the flow di- 
rected catheter of the present invention may be manu- 
factured from various materials and with various durom- 
eters to suit the desires of different physicians. 

3$ [0026] Various modification and changes in detail 
may be made to the above-described embodiments and 
examples without departing from the spirit and scope of 
the invention. It is therefore intended that all such matter 
as described in the foregoing description and shown in 

40 the attached drawings be considered as illustrative only 
and not limiting. 



Claims 

1 . A flow directed catheter comprising a proximal con- 
nector hub, a relatively stiff proximal tubular section 
bonded to the hub, a highly flexible distal tubular 
section and a relatively short tubular strain relief 
section interposed between the proximal tubular 
section and the distal tip section, said tubular strain 
relief section being more flexible than the proximal 
tubular section and less flexible than the distal tu- 
bular section and being formed of a polymeric ma- 
terial containing a radiopaque agent. 

2. The flow directed catheter as defined in Claim 1 , 
wherein the tubular strain relief section is formed of 
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a polymeric material containing! rom 40 to 75 weight 
percent of a radiopaque agent. 

3. The flow directed catheter as defined in Claim 1, 
wherein the tubular strain relief section is thermally 5 
fused to the distal end of the proximal tubular sec- 
tion and the distal tubular section is thermally fused 

to the distal end of the tubular strain relief section. 

4. The flow directed catheter as defined in Claim 1, io 
wherein the highly flexible distal section is more 
than twenty times the length of the strain relief sec- 
tion and the relatively stiff proximal section is more 
than 10 times the length of the highly flexible distal 
section. is 

5. The flow directed catheter as defined in Claim 3, 
wherein the proximal tubular section has durometer 
of between 60D and 90 D, the strain relief section 
has a durometer of between 25 D and 50 D and the 20 
distal tubular section has a durometer of between 
50A and 90A. 

6. The flow directed catheter as defined in Claim 5, 
wherein the distal tubular section has a length of 25 
between 10 and 50 centimeters. 

7. The flow directed catheter as defined in Claim 6, 
wherein the distal tubular section is comprised of a 
proximal segment and a distal segment and the 30 
proximal segment is more flexible than the strain re- 
lief section and the distal segment is more flexible 
than the proximal segment. 
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